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ABSTRACT 

A method has been deV'ised :for t;he extraetion of 

a toxic material from the New Zealand stinging nettle 

Urtica ferox .. After extraction with water physical 

methods were employed to isolate the toxic material 

r'ound in the stinging hairs. A small a.mount of what 

appears to be a fairly pure substance was eventually 

obtained .. 

The toxic material was round to be insoJ.:uble:.: in:,_ 

a wide range of organic solvents but ftol:ul:U:e ·iin ::n 

water suggesting a highly polar compound. 

The in.ability of the toxic material to pass through 

a dialysis membrane and its rate of flow through a column 

containing Sephadex of high molecular weight exclusion 

limit indicated a high molecular weight. 

Elemental analysis of the purified toxic :material 

revealed a relatively high ni't:;:rogen oonte:ri.t. 

Thin layer chromatography has been used to confirm 

the presence of acetylcholine, histamine, and 

5-hydroxytrypamine, in the stinging hairs. 

Tharmacological studies on a variety of preparations 

indicated a fairly specific action on the .central nervous 

system. The isolated material had a marked local 

anaesthetic effect but little action on isolated smooth 

muscle or skeletal musele. 
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ABBREVIATIONS 

The following abreviations have been used in the text. 

Kg Kilogramm.er 

g Gramme 

mg Millrgram:me (10""'' g) 

)1g Microgramme (10-6 g) 

ng Nanogra.mme (10-9 g) 

ml Milli, 11 tre 

The following code has been used to indicate the 

state of purity of the extracts used in various tests. 

I indicates treatment with mixed bed ion 

exchange resin (monobed 1) 

D 

s 

p 

]' 

indicates dialysis 
01'\ 

Indicates separation~a Sephadex colwnn 

indicates separation by paper chromatography 

indicates freeze drying over phosphorous 

pent oxide 

For example, '1 
....... the toxic material (IDSPF) ...... 11 

refers to an extract which has been subjected to all the 

separation processes and then freeze dried. 
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General Introduction. 

The stinging nettle, Urtica ferox, is a member of 

the Urticaceae, and is indigenous to New Zealand. It 

is found virtually throughout the country in a wide 

variety of locations, from inland bush to coastal sand 

hillso The plant grows as a spreading bush up to about 

10 feet in height and has narrow serrated leaves up to 

10 i.nches long, covered mainly on the upper surf ace, 

with white stinging hairs. (1) (see fig. 1) These hairs 

are also found on the petioles and stems. Under the 

microscope the hairs appear as hollow cylinders with a 

tapered point. (see figo 2) 

Cases of stinging by the New Zealand nettle U.ferox, 

are poorly documented but there is on record at least 

one human fatality from contact with the nettle and 

several reports of death in cs.ttle and dogs. Unfortunately 

most of these reports are verbal (and may be subject to 

inaccuracy), however, they are consistent in many respects. 

Dogs have been reported to loose muscular control on 

contact with U.ferox, become paralysed and salivate 

excessively, recovery being total if they survive, 

otherwise death appears to occur within a few hours~ In 

the ease of two humans who were extensively stung, both 

were reported to have shown severe symptoms similar to 

those described above. One victim died,death being 

attributed to respiratory failure and general paralysis, 

while the other survived and recovered totally. Less 
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Fig . 2 

:Photomic.rograph 01· the stinging hairs 

on a leaf 01· Urtica ferox. 

(A:g;1It0~ x1 2 ) 
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severe cases have been reported by physicians and in a 

recent case in Dunedin a typist who grasped a bush of 

U.ferox experienced a 'tingling numbness' in the affected 

hand and general malaiseo (2) The effect on her hand 

prevented her from typing for five days. This 'tingling 

numbness' has been experienced by those involved in the 

present work and has prompted some of the experiments 

in the pharmacology section, viz. the guinea pig weal 

and frog plexus preparations. 

Upon light contact between the skin and the stinging 

hairs the victim experiences a stinging sensation of 

greater severity and. duration than could be attributed 

to physical damage alone. There have been several 

investigations of the chemical constituents of the stings 

of various species of the Urticaceae. Emmelin and 

Feldberg (3) showed by a biological assay technique that 

histamine and acetylcholine activity were present in 

Urtica dioica and a third substance, which they called a 

'slow contracting substance• from its action on skeletal 

muscle, was also present. The 'slow contracting 

substance' was later shoirn by Collier and Chesher (4) 

to be indistinguishable from 5-hydroxytryptamine. 

Extracts of the stinging hairs of several species 

of Urticaceae have been examined pharmacologically for 

active substances, (3, 5, 6, 7, 8, 9). All had 

properties indicating the presence of acetylcholine, 

histamine, and 5-hydroxytryptamine activities, and the 
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concentrations of these substances in the stinging hairs 

have been determined by bioassay (see table 1 .. ) 

In all species except .Q;i rard3-nia., heterophzlla ( 9) 

the presence of additional pharmacologically active 

material has been indicated and attempts have been made 

to characterize it. Certain similarities in the toxic 

material present in different species of nettle appear 

to exist. Apart from the effects observed when human 

victims are stung by different species, extracts of 

several species have been shown to cause a slow 

contraction of isolated muscle preparations which was 

not due to acetylcholine, histamine, or 5-hydroxytryptamine. 

There are also certain chemical similaritieso 

The presence of an unidentified pharmacologically 

active substances in the mttrticaceae has prompted some 

chemical and pharmacological investigH.tlions. However 

the work done to date has been inconclusive and attempts 

to isolate toxic substances have not been comprehensive 

or successful. 
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Base U.:ferox u.urens L.moroides 1T .. parviflori~ G.heterOJ?fhYll! -- ·-
Acetylcholine 178.5 142 17 1024 133 

Histamine 92 .. 5 11.6 37 129 12.5 

5-hydroJ...,yt;ryptamine 7,,9 1.,12 1 .. 0 0.8 1 .. 8 

Table 1 

Aeetylcholi.ne., histamine and 5-hydroxytryptamine content of the stingi.n.g hairs 

of five species of the Urtieaceae. · Values quoted are mean r,eported values 

expressed as ng (1o-9g) of the free base per hair. Urtica .ferox and U.,urens 

values are from Blackman and Sumieh (8). Lapor~ea. moroid~~ ·values are from 

Rober·tson and !~1acFarlane (5). Values quoted for U:-:e.arvif'lor~ and Girardinia 

Js!eter~n2l1:;rlla have been calculated from Saxena ~ .§Q;. .. (6., 9) who gave values 

of free base per gram.me of leaf material. Calculations were based on a 

knowledge of the weight of hairs obtained from a known ·•. . . .-,." weight of leaves 

of U.ferox and are approximate only. 
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Pharmacological properties., 

With the object of comparing the action of U.ferox 

stings with those of U.urens and U.dioica, Pilgrim (7) 

conducted a study o.f the action of extracts of hairs on 

the frog rectus abdominis. He found that the extracts 

caused the preparation to contract slowly and at the 

same time twitch violently. The response did not 

resemble that due to acetylcholine and Pilgrim compared 

the twitch response with responses elicited by various 

kno\vn compounds., The similarity of the twitching 

caused by the hair extract and that produced by calcium 

deficiency prompted Pilgrim to observe the effects of 

calcium precipitating agents such as sodium phosphate, 

sodium oxalate and sodium sulphate, on the frog rectus 

preparation. As these compounds did not produce the 

effect he tried the chelating a.gents ethylene diamine 

tetra-acetic acid (EDTA) and the sodium salt of phytic 

acid. EDTA produced a twitch similar to that of the 

hair extract but unlike the response due to the nettle, 

the effect could be abolished by washing the preparation 

with Ringer's solution.. The response :produced by 

phytic acid was not like that of the hair extracto 

These experiments led to the proposal that the substance 

causing the twitch may be a natural chelating agent, but 

Pilgrim was unable to di:rteet any chelating properties 

on titration of the nettle extract with ai.cium chloride. 
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Addition of guanidine to the frog rectus preparation 

produced. twitching which closely resembled that of the 

hair extract, and like the hair extract the effect could 

be antagonised by calcium ions. From these experiments 

Pilgrim suggested that the substance in the hairs which 

produced the twitch could be a guanidine-like compound. 

He concluded that the main part of the slow contraction 

of the rectus muscle was caused by a different substance, 

other than acetylcholine, to that causing the twitch, as 

with different extracts the slow contraction and the 

twitching effects varied independantly. Boiling of the 

extract abolished the slow contracting effect but did 

not a.ffect the twitch producing properties. 

More recently the work of Blackman and Sumich (8, 10) 

has supported the presence of further pharmacologically 

active material in U • .ferox. It was found that the 

amounts of acetylcholine, histamine and 5-hydroxytryptamine 

present in the hairs could not account for all the e.f.fects, 

particularly the long lasting effects of the sting and 

the ultimate lethal effect of the hairs on guinea pigs 

and mice .. Mice pretreated with atropine and mepyramine 

were not protected from the lethal effects of the extract. 

They found that the crude extracts of U.ferox hairs caused 

salivation, unco-ordinated movement, paralysis and death. 

The salivation effect and the lethal effect could be 

dissociated by solvent extraction procedures, the material 

causing paralysis and death remaining in the aqueous 
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phase. This and the fact that heating destroyed the 

toxic properties but not the guanidine-like effect on 

the frog rectus muscle indicates that there may be as 

many as three unidentified pharmacologically active 

compounds in the stinging hairs .. 

The pharmacological studies in the present work 

have been carried out in an attempt to determine the 

type and site of action of the unidentified substance 

in the sti.nging hairs which causes death in miee when 

injected. Isolated preparations of smooth muscle, 

skeletal muscle, heart and nerve-muscle and live animals 

have been subjected to doses of extracts of the stinging 

hairse 

The presence of acetylcholine, histamine and 

5-hydroxytryptamine in the stinging hairs has been 

investigated by pharmacological means. 

C4emical and physical properti~~· 

Attempts by Blackman and Sumich to extract the 

t;oxic materials from aqueous solutions at various 

pH's ·with organic solvents were unsuocess.f'ul and they 

concluded that it could possibly be a strong base. 

In their investigation they found that the toxic 

material was dialysable, a result which is contradicted 

in the present work. In the course of their work 

Blackman and Sumich found that maintaining the 

temperature of a solution of the toxic material at 
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65°C for 15 minutes reduoed the toxicity, while 

boiling abolished toxicity .. Other than the work of 

Pilgrim (7), and Blackman and Sumieh (8), which was 

la.rgely pharmacological, there has been little ohemiea.1 

investigation of the properties of the toxic material 

in the stinging hairs of U .. ferox,. 

A method of removing large quantities of stinging 

hairs from the leaves of Uaferox has been developed by 

Nicholl (11) .. After freezing the whole leaves in 

liquid nitrogen the hairs can be brushed off the leaves 

into a collecting bag. 

Some vi.rork has been carried out on related species 

of the Urtieaeeae, notably the Australian stinging 

bush Lanortea !!!Oroides. The ehemical and pharmacological 

properties of the toxic material from L .. Dloroid.es 

resemble those of U .,ferox .. Robertson and MacFarlane 

(5, 12), a.etected a substance producing pain on 

intra.dermal injection .. They found that the toxic 

material was not diaLysable and \illould pass through an 

ion exchange column of Amberli.te IR050, a weak cation 

exchanger .. Experiments with enzymes and a protein 

substrate indicated that the pain producing material 

was :not a polypeptide or a proteolytic enzyme.. The 

protein precipitants trichloraeetic acid, pieric acid 

and phosphotungstic acid did, not produce a precipitate, 

and a solution of the toxic material could be boiled 



-10-

for 10 minutes or warmed with 5N HC1 to 65°0 for 5 

minutes without loss of potency. More severe treatment 

with acid or heating with alkali destroyed the toxicity. 

In the case of L.moroides Robertson and MacFarlane found. 

that the toxic mater.ial could be extracted from acid and 

alkaline solution with ether. 

The aim of the present work was to isolate and 

purify the toxic material as far as possible and to 

investigate its chemical structure. It was found that 

the toxic material could not be extracted with organic 

solvents from either acidic or basic aqueous solutions .. 

Ion exchange resins were used. initially in an attempt 

to determine whether ionic compounds were responsible 

for the toxic properties.. Limitations of the ion 

exchange resins, which are discussed later, prevented 

an unequivocal conclusion being reached about the ionic 

nat11re of the toxic material, but it was found that 

treatment of aqueous extracts of the stinging hairs 

with the resins removed substantial quantities of 

non-toxic ionic material. Ion excha.nge treatment 

should remove from the solution all but large ions 

which can not penetrate the resin matrix.. A 

chromatographic study showed that the eluate from the 

ion exchange column contained several compounds& 

Dialysis of the eluate followed by Sephadex gel 

filtration and preparative scale paper chromatography 

resulted in material which appeared to be substantially 
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one compound when examined by ·thin layer chromatography .. 

Several chromatograph.ic methods including thin layer, 

column and paper chromatography were investigated 

before prepara-tive scale paper chroma·tography was 

adopted. 

The final product obtained from these separation 

procedures was soluble only in water and was available 

only in very small amounts.. This made N .. iV!..R .. and I .. R .. 

spectra difficult to obtaino It had been hoped that 

these spectra together with elemental analysis and the 

U.Yo spectrum would give at least an indication of the 

type of compound. involved.. Unfortunately little time 

could be devoted to structural studies because of the 

la·te stage in the project at which separation was 

achieved .. 

No specific chemical method for detecting the toxic 

material could be found and toxicity tests on mice were 

necessary to detect the toxic fractions in the separation 

processes. The weight of solids in the toxic fraction 

after each separation process ,;vas used as a guide to the 

effectiveness in removing impurities from the toxio 

material= 
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CHEMICAL & PHYSICAL METHODS 

Collection of material. 

Leaves of U.ferox were collected from sites at 

Sandy Mount on the Otago Peninsula and from the vicinity 

of Port Chalmers, near Dunedin. As no difference in 

toxicity was detected between leaves eollected from 

these different sources, no distinction has been made 

between them in the text. The leaves and petioles 

alone were collected by cutting them off' the plant. 

The leaves were stored in a refrigerator in plastic 

bags (at approximately 4°C) until required. It was 

found that the leaves could be stored in this way for 

at least three weeks without apparent loss of potency, 

but it proved desirable to remove the hairs as soon 

after collection as possible as this task was easier 

with fresh leaves. It had been established previously, 

that the leaf material contained no detectable toxic'.material 

and the present work was carried out on the hairs alone. 

Alt;hough removal of the hairs was time-consuming, fairly 

large amount;s could be removed by the use of liquid 

nitrogen. With tl1is method one person could collect 

2000 - 3000 hairs hourly. The average weight of' 

individual hairs was 1 mg but there was great variation 

in size. There was also great variation in the weight 

of hairs obtained from a given weight of leaves, but 

generally 1 Kg of leaves would yield about 25 to 30 gm 

of hairs. 
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Once removed, the hairs could be stored in·a 

freezer for at least three weeks without any apparent 

loss of toxicity .. 

Detection of toxic material. 

During the processes of extraction and separation 

it was necessary to know which fraction con.tained the 

toxic material. As no specific chemical method of 

detecting the toxic material was available, 

pharrnacological methods were employed .. 

Mice were the most convenient species for 

pharmacological testing and administration of extracts 

by intraperitoneal, intravenous or intraeerehral 

injee·tion gave a satisfactory pharmacological indication 

of toxicity .. 

If death occurred within two hours of 

intraperitoneal injection, the fraction concerned was 

considered to contain the toxie material. The actual 

effeet.s on mice of inject:tng the toxic material have 

been described in the Pharm.aeological Results (p .. 54 ) .• 

As only small a.mounts of toxic ma.teri.al were 

available only a few animals (4 - 10) were used for 

each test and it was necessary to give a dose which 

would definitely kill a mouse if the toxic material 

was present in that fraction., Lethal doses which were 



1 i ·~ 

i, 
'! 

" 

J 

-14-

elose to a minimum lethal dose (111LD see discussion 

P. 67 ) were given. If the mice died it was concluded 

that the toxic material was present but if they survived 

it could have meant that the toxic material was absent 

or the extract had reduced potency. 

of higher doses resolved this. 

Administration 

Intraperitoneal injection in mice was used for 

routine toxicity and potency testing of aqueous extracts, 

of new batches of hairs and of products from some 

separation procedures. The intraperitoneal route 

required relatively large quantities of material, but 

because of ease and speed it was favoured for routine 

tests. Injection of the toxic material into the tail 

vein of mice required less material and produced death 

more rapidly (see pharmacology results section p.54 ) 

but technical difficulties made this method less 

convenient. With the small amounts of purified 

material that were available, intracerebral injection 

provided a more sensitive method of detection. This 

technique was particularly useful for detecting toxic 

zones on chromatograms and toxic fractions from sephadex 

columns .. Intracerebral injection was not used for all 

routine tests as the procedure is time consuming. 

The technique for intracerebral injection in mice 

was carried out as follows: mice of uniform size (about 

25 - 30 gm) were anaesthetised with ether and a patch 

of skin removed from the head. The exposed skull was 
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scraped with a scalpel blade and a dental drill with 

a round No. 1 burr used to drill a small hole about 

2mm to one side of the mid line and slightly forward 

o.f the ears. When the mice had recovered from t;he 

anaesthetic they were left for about thirty minutes 

before injection to ensure that the operation itself 

had left no obvious ill-effects. The injection was 

given by holding the head. firmly and lowering a fine 

needle into the hole in the skullo (fig. 3). The 

position of the hole allowed injection into the third 

ventricle of the brain, when the needle was inserted 

to the correct depth. The depth of injection was 

gauged by a marker on the needle. Volumes between 

0.005 and 0.01 ml could be introduced from a hypodermic 

syringe fitted with a micrometer adjustment. (Fig. 3)o 

The solutions were made up to contain the required 

amount of' ·t;he toxic material in a suitable small volume. 

Control experiments were carried out using 0.9% NaCl 

solution and distilled water to establish that there was 

no apparent ef'fect from the injection alone. 

This teebnique is similar to that of Haley and 

McCormick (13) as modified by Melville and Fastier (14). 

Extraction. 

Water, ethanol and ether were tried separately to 

extract the toxic material fro~ the hairs. After 

grinding the hairs with the solvent in a mortar the 
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.flu.id was filtered off through cotton wool, centrifuged 

and the supernatant liquid decanted. The supernatant_ 

was evaporated to dryness, the solid residue shaken 

with water and injected into mice. 

Immiscible organic solvents were used to extract 

acidic and basic aqueous extracts of the hairs in an 

attempt to find a solvent which would remove the toxic 

material from water. Separate extractions 'With ether 

and chloroform were carried out in 25 ml stoppered test 

tubes, and the organic phase removed with a pipette. 

After evaporation of the organic solvent the residue was. 

dissolved in water and injected into mice. Organic 

solvents were also tried as solvents for the solid 

freeze dried toxic material obtained after extraction 

with water .. The solvent was shaken with a quantity 

of the freeze dried solid, decanted and evaporated .. 

The solvents employed for extraction of the freeze 

dried material were ethanol, dioxan, chloroform, ether, 

dimethylsulphoxide, benzene, acetone, and methylene 

chloride. Water was the only satisfactory solvent 

found for the toxic material. 

Extracts of the hairs were obtained by grinding a 

kxww:n weight of hairs with distilled water in a mortar .. 

The hairs were extracted with successive amounts of water 

until a volume of about 4 ml per gram.me of hairs had been 

used .. The aqueous extract was filtered through cotton 

wool to remove gross solids and centrifuged at about 
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2000 G .. The clear yellow-brown supernatant liquid 

was decanted and either used immediately or stored in 

a freezer overnight. 

Stabilitz. 

In the course of the present work some observations 

were made on the stability of the toxic material in 

solution, as a freeze a.ried solid, and in the stored 

hairs and leaves. No accurate estimates were mad.e 

but it was possible, from periodic potency testing, to 

establish the stability of the toxic material under 

various storage conditions. The effect of heating 

aqueous solutions at different temperatures and1-0r

varying lengths of time, was also examined. 

Eva}loration. 

At various stages in the purification of the toxic 

material it was necessary to either reduce the volume 

of the solution or to evaporate the solution to dryness. 

In earlier work this was done by freeze drying over 

phosphorous pentoxide. This produced a fine powder 

which was easy to handle and1could be stored in a 

desiccator without loss of toxicity .. About 24 hours 

were required to dry five 2 ml samples by this method 

and it was not satisfactory for handling the large number 

of fractions obtained from Sephadex columns .. A rotary 

evaporator was tested for this purpose and found to be 
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satisfactory when operated under vacuum. Water could 

be taken off at the rate of about 1ml per minute at 

temperatures below 30°0. Solutions of the toxic 

material dried in this way retained their potency after 

being dried and redissolved in water several times. 

Th.is method was used to evaporate all fractions from 

columns and aqueous extracts of zones from chromatograms .. 

The residue obtained on evaporation of the toxic fraction 

was a brown film, the consistency of which made it 

difficult to handle in the solid state. In contrast, 

freeze drying over phosphorous pentoxide produced a buff 

coloured powder which could be easily handled and. 

removed from the container with a spatula. 

Ion Exchange experiments .. 

Amberlite ion exchange resins IR120, a strong 

cation exchanger, and IRA400, a strong anion exchanger, 

were used. The ion exchange resins were regenerated 

by washing them in a flask with six times their volume 

of the appropriate solution, 4% NaOR for the anion 

exchanger to convert it to the hydroxyl form and 10% 

HCl for the cation exchanger to convert it to the 

hydrogen form (15)o The regenerated resins were washed 

with water in a Buchner funnel until the washings were 

neutralo 

From a knowledge of the exchange capacity of the 

resin and the approximate amount of solids per ml in 
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the. orude nettle extracts, the amount of resin 

required to exchange all ionic material present could be 

calculated. Resin in excess of the calculated amounts 

was used to ensure that as much ionic material as possible 

was removed,. 

Initially experiments were carried out by shaking 

a solution of the extrac.t of hairs for 5 minutes with 

either a cation exchanger or an anion exchanger in a 

small flask. The extract was filtered to remove the 

resin and the procedure repeated twice with fresh 

lots of resin .• Treatment of the extract with only one 

resin resulted in a change in pH of the solution due 

to release of either hydroxyl ions from IRA400 

o~hydrogen ions from IR120o The solutions •re 

neutralise'd with dilute HCl orfaodium carbonate before 
. . t. . t . 1nJee · ion. in, o mic:.e,;~: 

In subsequent experiments the crude aqueous 

· extract was treated sequentially with anion and cation 

exchangers, the resin being filtered off after each 

treatment. The number of treatments with ion exchange 

resin and the order of treatment were varied for up 

to three treatments with each resin. 

Treatment of the crude extract was also carried out 

in a 'U' tube with cation exchanger in one arm and 

anion exchanger in the other. The resins were separated 

by a plug of glass wool11 The solution was introduced 

into one arm of the tube and allowed to pass through the 
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r~sin and glass wool plug into the other arm. In 

this way the solution could be treated several times 

and then removed f~om the tube. This method had no 

real advantages over that previously described a.nd 

was not used in further work. 

A mixture of IR120 and IRA400 in the ratio, of_ 

1:1.5 by volume ('Amberlite' 1\fonobed1 (15) was used 

in the same way as the individual resins, by placing a 

calculated amount into a flask cqntaining the nettle 

hair extract, shaking and filtering. In later 

experiments a column of the mixed bed resin was used, 

and this :procedure was adopted for all subsequent work. 

The resin was prepared with the minimum amount 

of water to avoid undue dilution of the extract when it 

was passed through the column. Flow rate through the 

column was adjusted to about 5 ml per minute, and the 

.first few ml, which were substant:i.ally pure water, 

were collected and used to elute the column which was 

then allowed to drain. This ensured that a minimum 

amount of toxic material remained in the column and 

dilution was minimised. The clear solution obtained 

from the column was eirapo.rated to dryness and stored 

in a desiccator. 

Dia~zsiso 

The dry material obtained after ion exchange 

treatment was taken up in a minimum volume of water 

and placed in a dialysis tube o~ i" dia:m:ter. The tube 
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was tied off, checked for leaks and placed in a Buchner 

flasR full of distilled water •. A flow of distilled 

water through the flask was maintained from a reservoir 

by means of a siphon tube. Dialysis was allowed to 

continue for about 10 hours at room temperature in all 

work. The solution remaining in the dialysis tube 

was filtered through a No. 4 sintered glass disc and 

examined for toxicity. The dialysate was also 

subjected to toxicity tests. 

The dialysis tubing used was examined for pore 

size with solutions of substances of known molecular 

weight. Substances used were hydroxocobalamine 

(NI.Wt 1346), inuln (M .. Wt .. approx. 5000) and various dyes 

with molecular weights less than 1000. 

qeRhadex gel filtratiq~. 

After dialysis the contents of the sac were dried 

and the residue taken up in a minimum volume of water 

and passed through a column of Sephadex gal. 1rhe 

column consisted of a glass tube 2.8 cm in diameter 

and 35 cm long with a sintered glass disc at the bottom 

and a tap at the outlet. The Sephadex was allowed to 

hydrate in water for 48 hours before packing it in the 

column to a height of 30 cm. A filter paper disc 

placed on top of the Sephadex prevented disturbance of 

the gel when solutions were added. 
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Water was used as the eluting fluid and its 

passage from the reservoir th.rough the column was 

controlled by maintaining a posttive pressure by means 

of a head of mercury contained in a manometer. When 

the pressure in the apparatus ilfl.s adjusted to 40 cm Hg 

by means of a hand pump, a flow rate of 0.5 ml per 

minute was produced. Ten ml fractions from the column 

were collected by means o.f a siphon trap in 25 ml tared 

flasks and each fraction evaporated to dryness. The 

flasks, after further drying over phosphorous pentoxide 

were weighed and the weight of residue in each fraction 

recordeda Toxicity tests were carried out on each 

fraction by intraeerebra.l injection in mice. Toxic 

fractions were pooled and examined by paper chromatography. 

Thin lay~r ql}ro~~~ogran~x· 

Various systems were tested with the object of 

finding a solvent system and support suitable for 

:preparative seale TLC of the stinging hair extracts 

(I.D .. ).. Plates were prepared with silica gel G, 

silica gel Rand alumina supports 0 .. 25 :mm thick. The 

thin layer plates were developed in tanks saturated 

with the vapour of the solvent system in use. The 

following solvent systems were tested with both silica 

gel and alumina supports. 
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n-Butanol water: acetic acid 

IT ti ti It 

96% Ethanol : 25% ammonia 

III Methyl acetate : 259f. ammonia : 
isopropanol 

IV 

V 

Methanol! water 

Ethyl acetate: i-Propanol: 
water 

10: 3: 8 .. 5 

with additional 
acetic acid to 
increase the 
polarity 

8 : 2 

45: 20 

1 : 1 

3 : 2 : 4 

35 

A variety of reagents were tried in attempts to 

detect the separated material on the TLC plates. 

General reagents such as concentrated sulphuric acid 

and o-phosphoric acid and water (1 : 1) mixture were 

used initially, but they were less sensitive than some 

reagents used latero 1\fore selective reagents revealed 

all the zones that could be detected with the general 

reagents and ninhydrin spray reagent (0.5% in 

n-butanol) was used in all subsequent work. Preparative 

scale TLC using silica gel G and solvent I was attempted 

with some success. The toxic material (ID) was sprea.d 

in a line along the base of the plate wi.th a syringe 

fitted with a fine wick on the open end of the needle. 

A second smaller plate was prepared and run 

simultaneously with the preparative scale plateo 

After development with solvent I the small plate was 

sprayed wit;h ninhydri.n and heated to reveal the 

separated material. Using the small plate as a guidet 

zones corresponding to separated material were marked 
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off on the large plate and the silica gel removed. 

Water extracts of the silica gel fractions were 

filtered, evaporated to dryness and tested for toxicity. 

Column chromatograph,.y. 

Silica gel, cellulose powder and alumina columns 

were prepared and tested. None of these was satisfactory 

as it was found that on evaporation of the eluate solid 

material from the support itself was present. The weight 

of material from the support was large by comparison 

with the amount of toxic material that was available. 

Because of the long time required to elute the toxie 

material, the labile\nature of it, the small amounts of 

material available and. the problem of solids coming off 

the support material, this technique was not considered 

.. suitable., 

Paper chromatograp~. 

The toxic fractions from the Sephadex column 

were pooled and subjected to thin layer or paper 

chromatography. Whatman preparative scale chromatography 

paper No. 3MM was employed and solvent I (butanol: 

acetic acid: water) was used to develop the chromatogram~ 

An aqueous solution of the toxic material was applied in 

a streak along the base line of the paper and the 

chromatogram developed with the solvent ascending in an 

atmosphere saturated with solvent vapour • The solvent 

.front was allowed to run 30 cm. and this required about 

iddda24p
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24 hourso The developed chromatogram was dried and a 

1" strip cut off each edge. These strips were sprayed 

with ninhydrin reagent and heated to 105°0 for 10 to 15 

minutes. The strips were then used to mark the position 

of the reparated zones on the untreated remainder of the 

chromatogram. The marked zones were cut from the 

chromatogram, and extracted with water. The aqueous 

extracts were filtered and evaporated to dryness in tared 

flasks .. Areas of the chromatogram which ninhydrin had 

not coloured were also extracted and a control of paper 

alone, which had been developed in the same solvent, was 

treated similarly. The dried residues were tested for 

toxicity by intracerebral injection in mice. 

Characterisation. 

(a) ~ista.mine, acetylcholine and 5-hydrox:ytry:ptamin~. 

Results consistent with the presence of these three 

compounds have been obtained in pharmacological 

experiments (8) and they have been estimated by bioassay. 

In the present work acetylcholine, 5-hydroxytryptamine 

and histamine were identified by comparative thin-layer 

chromatography using samples of the pure compounds. 

Plates of silica gel G 0.25 mm thick were developed 

in ·tanks with a saturated atmosphere of the sol vent .. 

The solvent systems and'.:spray reagents usea_ were: 
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III 5-hydroxy
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Solvent 

n-butanol: acetic acid: 
water (10~3:8.,5) 

96% ethanol: 25% 
ammonia (4:1) 

M.eteyl acetate: 
isopropan.ol: 25% 
an1t11on.ia (9t 7:4) 

~ea.geny 

Dragendorff's 
reagent (16) 

0 .. 5% ninhydrin 
in n-buta.nol 

0.5% n::lnhydrin 
in n-butanol 

The plates sprayed with ninhydrin required heating 

at 10;0 0 :for abt.1ut 10 minutes to develop the colour or 
the spots. 

Five grams: of stinging hairs were extra.oted with 

acetone, filtered and the filtrate evaporated to a small 

volu111e before spotting it on to the pla .. tes .. Aqueous 

extracts of the stinging hairs were also examined by 

this method. The plates were exa:mined under !JV light 

for further evidence of the presence ot 5-hydroxy-try:ptamine 

as this compound exhibits a brown fluorescence after 

treatment with ninhydrin. 

(b) Q~her ~G~~~ ,eomgounds. 

l1 number o! delicate tests were earried out on 

the semi-purif:i.~d extract (ID) with the object of 

otrtiaining inf"ormat1.on about the chemical nature of 

the toxic material, 

The following tests were carried out. 
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Reagent or test 

p-dimethyla.mino benzaldehyde 

Ninhydrin 

Nitrous acid 

Thiodiphenylamine 

Sulphonation 

Le Rosen 

Dragendorff's 

Molisch 

Furferal 

Fehlings 

Iodine 

Sodium dithionite 

Leiberman-Burchard 

Frothing 

Uaemolysis 

Biuret 

Functional group 

1-

Primary 
amines 

Secondary 
amines 

aromatic 
nucleus 

alkaloids 

carbohydrates 

anthraquinones 

triterpenes 

l-sponins 

:peptide linkage 

Ref. -
31 

36 

32 

33 

34 

38 

35 

3? 

18 

18 

39 

Details of most of these tests were obtained fl"om 

Feigl (1?). The Leiberman-Burchard and frothing tests 

have been described by Cain et al (48) and Cambie et al 

(10) have used these two tests in phytochemical screening 

of some New Zealand plants including !l_~ ferox$ The 

haemolysis test was carried out on human erythrocytes, 

suspended in 0.9% NaCl solution .. A solution of the 

toxic fraction (ID) was added and the effeet observed 

under a low power microscope. 

standard. 

Saponin was used as a 
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Spectroscopic & elemental aqalysis. 

The ':C;IL, spectrum of the toxic matJirial (IDSPF) 

in a KBr disc was obtained with a Unicam SP200G 

spectrophotometer, and the u.v. spectrum of an aqueous 

solution of the purified toxic material (IDSPF) was 

obtained with a Beckman DB-G spectrophotometer. An 

elemental analysis of the same extract gave the 

percentage of carbon, hydrogen, oxygen and nitrogen. 

Qualitative ·t;ests i'or halides, phosphorus and sulphur., 

were carried out·by the micro method described by 

Turfit (20), which requires only 1 mg of material. 

~eneral ph.armacologigal methods and equipment. 

Isolated preparations were obtained from animals 

which had been killed by a blow on the head and dissected 

immediately .. The preparations were stored in a 

physiological salt solution at room temperature until 

they were used .. The organ baths employed. were 

essentially the same for all isolated preparationse 

{see fig .. 4) The capacity of the bath was 25 -50 ml 

depending on the preparation, and the temperature of the 

solution in the bath was controlled thermostatieally. 

The solution was replaced with pre-warmed solution by 

an overflow method and a gas mixture of o2 (95%) and 

CO2 (;%) was continuously bubbled through it. For 

all preparations, except the Trendelenberg which was 

kept at 32°c and the frog rectus preparation which 
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was kept at 20°c, the bath was matntained at 37°00 

The activity of the preparation: was recorded on the 

smoked drum of a conventional kymograph. For 

pharmacological tests the extracts used had been 

subjected to ion exchange treatment and dialysis but 

not gel filtration or paper chromatography. 



1) 

2) 

3) 

KEY TO FIG. 4 

Reservoir for salt solution 

Recording lever 

Glass support rod for preparation 

4) Heating unit and thermostat 

5) Artery clamp for wash out. control 

6) Glass organ bath 

7) Out-let to vacuum pump allow:i.ng wash out 

of the organ bath without draining fluid 

from preparation 

8) In-let for gas (carbogen) 

9) Preparation 

10) 'Perspex• constant temperature water 

jacket 

11) Pre-heating ·coil for salt solution 

12) Sintered glass disc 
·, 

,I 
\1 ! 
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Isolated ileum pre:earations. 

Pieces of ileum removed from rats, and guinea pigs 

were clea.ned with Ringer's solution at ;7°c. Sections 

of ileum not in use were stored in the solution. 

A piece of gut, about 3 cm. long, was tied.at one 

end with a long thread, which was attached to the 

frontal recording lever o:f a kymograp~~, The other end 

was secured in an organ bath of 25 mls. capacity. 

Extracts of the nettle (IDF) which had been shown to be 

toxic in mice, were added to the bath in increasing 

amounts, the preparation being washed between additionso 

The sensitivity of the preparation was checked 

with acetylcholine before and after the experiment. 

The ~xperiments were repeated with pieces of gut from 

different a.nimals9 

The frog rectus abd~~inis Breparation6 

A frog was pithed and the rectus abdominis muscles 

were removed and separatede A thread was attached to 

each end of a muscle which was then secured in an organ 

bath of 25 ml capacity filled with frog. Ringer's solution 

at 20°0.. A side writing lever attached directly to the 

muscle by a thread, was used to record activity of the 

muscle on a smoked drum. A load of one gram.me was 

applied to the muscle by means of a piece of plasticine 

attached to the distal end of the lever$ Increasing 

doses of the nettle extract (IDF) were added to the bath, 
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and the preparation washed between additions. The 

activity of the preparation was checked with 

acetylcholine after the experiment. 

The .R~rfused rabbi~ heart. 

A rabbit was killed and the heart, with a piece of 

the aorta~was quickly removed and transferred to a dish 
) 

of modified Y.:reb's solution. A cannula was tied into 

the aorta for perfusion. Contractions were recorded 

on a smoked drum by means of a lever attached t-0 the tip 

of the ventricles by a thread and small hook. The 

nettle extract was injected into the perfusion fluid 

through the rubber tube connecting the cannula to the 

perfusion vessel. The Kreb's solution was oxygenated 

by.passing the gas through the fluid in the perfusion 

vessel. 

The ca~.carotid blood, pressure,E.CoG. and r~spiration. 
! 

A cat was anaesthetised with pentobarbitone 

(Nembutal) and ·bhe trachea and carotid artery cannulated, 

for recording respiration and blood pressure. A 

tam.bour was used to record respiration and a mercury 

manometer was used to record carotid blood pressure. 

(see fig. 5). ·rhe blood pressure recorder was filled 

with heparinis ed s.aline to prevent clotting of blood, . 

in the recorder, and a head of mercury was built up in 

the manometer before releasing the pressure of the 
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carotid artery to prevent too much blood entering the 

apparatus. The two recording levers were aligned 

vertically and an oscilloscope was used to observe the 

E .. C.G. 

The animal was allowed to stabilise for , a period 

of 30 minutes before any drugs were injected. This 

preparation was used to demonstrate the presence of 

acetylcholine and histamine in the crude extracts of 

the stinging hairs, and to show that the separation 

processes used in the isolation of the toxic material 

effectively removed these compounds. 



KEY TO FIG. 2 

1) Writing point 

2) Retaining ring 

3) Weighted wire to hold point on kymograph 

4) 10 ml. glass syringe for building up 

back pressure in manometer 

5) Float 

6) Artery clamp 

?) Tube to earotid artery 

8) 

9) 

Mercury reservoir 

Mercury 

10) Writing lever 

11) Rubber flutter valves 

12) Rubber diaphragm 

13) Air leak allowing lever to return to base 

line while animal is exhaling 

14) Air reservoir 

15) Tube to trachea 

( 
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~he ratJrinkleman ~r,e~aration. 

A loop of small intestine with the mesentry intact 

was cleaned with Tyrode's solution .. A segment about 

3 cm long with attendant blood vessels and nerve was 

chosen and the tissue round the blood vessels carefully 

removed.. As the nerves to the gut are not easily 

distinguished in the rat, but are known to follow the 

blood-vessels closely, the electrodes (see fig. 6) 

were a..pplied to the cleared blood vessels after fixing 

the preparation in an. organ bath of 40 ml capacity. 

Supramaximal stimulation of the nerve was applied from 

a stimulator which delivered rectangular pulses of 12 

volts for 1 msec duration a-t; the rate of 30 pulses per 

second for 5 secs every minute.. A measured amount of 

the extract (IDF) was added to the bath and the 

response of the gut to stimulation was recorded with a 

frontal lever. 

Increasing doses of the toxic extract (ID]1
) were 

added to the bath and the preparation was washed with 

Tyrode 1 s solution between additions. 

Tl).e:i:,'atdia:Qp.;r:ag;m,12:J;'e:gara~ion. 

This preparation was first described by Bulbring in 1946 (22 

A rat was killed and the chest wall was removed, but 

a strip of rib was left attached to the diaphragm. 

After clearing the phrenic nerve a triangular piece of 

diaphragm with the rib at its base was removed with the 

nhrenic nerve intact. A forked wire holder was used 
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to seeur~ the rib while a long thread was attached 

to the apex of the diaphragm muscle. The thread was 

connected to the recording apparatus .. The phrenic 

nerve received supermaximal stimulation from a 

stimulator delivering rectangular pulses of 0.,4 volts 

of 1 msec duration 16 times per minute. When the 

preparation had settled do-wn, increasing doses of 

the nettle extract (IDF) were added to the bath and 

the response recorded.. The experiment was concluded 

by adding a neuromuscular blocking agent (tuboourarine) 

followed by an antagonist (neostigmine) to check the 

preparation .. 

The TreAdelenberg preparation~ 

Trendelenberg described this method of studying 

the effeet of drugs on the peristaltic reflex (23)o 

The preparation was set up as shown in figo 7. A 

piece of e;tiinea pig ileum was washed with Tyrode's 

solution and the stomach end attached to a writing lever. 

The caudal end was tied over a glass tube which was 

secured in the organ bath and connected to a reservoir 

containing Tyrode's solution. The lumen of the gut was 

filled with Tyrode~s solution from the reservoir, the 

height of which could be adjusted. Volume changes in the 

lumen of the gut caused displacement of air above the 

fluid in the reservoir which was registered by a piston 

type volume recordere The lever which registered 
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longitudinal changes, was aligned vertically with the 

writing point of the volume recorder. The volume 

recorder used a side writing lever and the other lever 

was of the frontal writing type. 

At the begin~ing of the experiment the level of the 

Tyrode's solution in the reservoir was adjusted to the 

level of the fluid in the organ bath. Peristaltic 

contractions were induced by increasing the intraluminal 

pressure of the piece of gut by 2-3 cm of water. 

returning the reservoir to the original level toxic 

material (IDF) was added to the organ bath an.d the 

After 

pressure was raised once again. Any difference in 

response to the increase of pressure after addition 

of the toxic material was noted. It is normally 

recommended that the organ bath be kept at 37°0 but it 

was found that the preparation was more sensitive to 

pressure changes at 32°0 and this temperature was 

employed. 

The guinea pig weal technig'q!. (24, 25) 

This technique was used in addition to the frog 

plexus preparation to examine the nettle extract for 

local anaesthetic activity. The hair was shaved from 

the back of a guinea pig and four areas marked out with 

ink. Two of the areas were injected intradermally 

with 0.05 ml o·:f o.90~ NaCl solution. 200 µg and 100 p.g 

of nettle extract (IDF) in 0.05 ml of saline were 
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injected intradermally into the other two areas. At 

regular intervals the sensitivity of each area was 

tested by pricking with a needle. Each area was pricked 

five times with a needle and if three or more pricks 

produced a pain response the test for th.at area was 

considered to be positive, i.e. there was no significant 

local anaesthesia. The test was conducted on three 

animals a.~d the response observed over a period of one 

week. 

The frog,nlex~s nrepar,atio~ (26, 2?). 

A frog was decapitated and the spinal cord 

destro;red ·co the level of the third vertebra~ A 

transverse cut was made just below the sternum, and the 

viscera carefully removed to expose the abdominal nerve 

plexus. The whole animal was kept moist with frog 

Ringerts solution during the experiment. The frog 

was pinned to a board with the legs hanging down 

vertically so that a. foot could be immersed in dilute 

hydrochloric acid which caused a :r,eflex wi thdrawa.1 of 

the leg. When the acid was removed by washing with 

frog Ringer's solution, the leg :relaxed to its original 

position. Acid of different concentrations ranging 

from 0.05N to 0.15N was used. A solution of the nettle 

extract (IDF) was introduced into the abdominal pouch 

and the time noted. At different time interlBls the 

foot of the frog was dipped into 0.05N acid. If no 
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response was observed the acid strength was increased 

to 0.,10:N and -then Oo15N. Results were recorded as a 

positive response or no response for each application 

of acid. Controls were set up using frog Ringer's 

solution instead of nettle extract solution. When 

the frog did not respond to the acid after treatment 

with nettle extract 9 the sciatic nerve was stimulated 

electrically to establish whether the efferent fibres 

had been blocked.. The experiment was carried out on 

several frogs, using different concentrations of nettle 

extract. 
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CHJ!,"'MICAL .AllD PHYSICAL RESULTS 

Extraction .. 

Water was the only solvent :found to be satisfactory 

for extraction of the toxic material from the stinging 

hairs. The toxic material was not extracted from the 

stinging hairs by either ethanol (99.9%) or ether, and 

none o:f the organic solvents tried extracted toxic 

material from the freeze dried powder obtained from 

the aqueous extract of the hairs, or from aqueous 

solution. Ethanol removed some non-toxic solids from 

the freeze dried powder but insufficient to warrant 

its :further use in the purification process. 

The extraction and purification scheme :finally 

used is shown in fig. 8, and table 2 shows the yield 

of solid after each process. 



TABLE 2 

POTENCY AND YIELDS FROM EXTRAOTIOW 
BASED ON 1KG. OF LEAVES 

PROCESS YIELD OF 
SOLID 

PICK LEAVES 1 Kg 

REMOVE 
HAIRS 

WATER 
EXTRA.CTI ON 

RESIN 
TREATMENT 

DIALYSIS 

SEPH.ilDEX 

PAPER CH:ROM. 

30 gm 

1 .. 2gm 

200 mg 

60 ... 70mg 

30-40mg 

10-20mg 

MLD IN 
MICE 

25mg 

7mg 

1mg 

o .. ,-mg 

0 .. 5mg 

0.3mg 

NOTE: The minimum lethal dose {MLD see 

discussion p. 67 ) is for intr.aper.itoneal 

injection and is based on the results of 

tests with several batches of leaves. There 

was some variation between batches .. 
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Stability. 

The leaves with the stinging hairs intact could be 

kept in a refrigerator (4°C) for up to three weeks 

without any detectable loss in potency. After removal 

from the leaves the hairs could be stored in a freezer 

for several weeks without any apparent loss of potency. 

Aqueous extracts of the hairs were found to be less 

toxic after one day at room temperature but if the 

aqueous extracts were either freeze dried or evaporated 

to dryness with a rotary evaporator the residue could 

be kept in a desiccator for at least three months 

without any detectable loss of potency. When exposed 

to the atmosphere the dried extracts slowly absorbed 

moisture and a reduction of potency occurred. Heating 

to boiling followed by immediate cooling did not reduce 

the potency of an aqueous extract but prolonged heating 

(more than 5 minutes at over 80°c) totally destroyed 

the toxicity. The wide variation in pH of the extract 

which occurred during ion exchange treatment (see table 

3) did not appear to affect the toxicity. However 

heating with strong hydrochloric acid(6N) at 50°0 for 

1 hour destroyed toxicity and chromatographic 

examination revealed several spots in addition to those 

found in the original material. 



TABLE 2 

R~ CHANGES OCCURRING WIT~ RESIN TREATMENT 

RESIN TREATMENT nH 

NOTE: 

*--

NONE 7.5 
a 2 .. 0, 

A, 13~0 

AO 3 .. 0 

ACA 10.0 

ACAC 3.6 

AOAOA 9 .. 4 4' 
, 

ACACAC 4.? 

MIXED BED 5 O ' . 

'A' indicates treatment with anion 
exchange resin. 

'O' indicates treatment with cation 
exchange resin and 

'Act etc. indicates sequential treatment 
with both resins 
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Ion elmerim(;!_:tl:IHi .. 

When a solution of the crude nettle extract was 

shaken wi.th freshly regenerated Amberlite IRA400 resin 

(strong anion exchanger), or amberlite IR120 (strong 

cation exchanger) and filtered, no loss of toxicity 

occurred<!< When extracts were subjected to sequential 

treatment with both anion and cation exchange resins 

there was no loss of toxicity. However, when a mixture 

of the resins was used in the same way a loss of toxicity 

oecurrede 

Similar results were obtained with columns 

containing the individual resins but a column containing 

a mixed bed of the two resins did not reduce the toxicity 

of the extracto Although the batch type treatment and 

column treatment of the crude extract with mixed resins 

appeared to give conflicting restuls, repeated experiments 

confirmed that the behaviour observed was reproducible~ 
' 

Column treatment of the extract was found to be most 

convenient. The apparently anomalous results obtained 

with batch type treatment of the crude extract were 

not further investigated. Passing the aqueous extract 

through a mixed bed column substantially reduced the 

weight of solids per ml (see table 2) and the eluate 

gave a negative test for halides with silver ni"l:;rate 

solution although a positive test had been obtained 

before resin treatment. On freeze drying the solution 

over phosphorous pentoxide after resin treatment, a bu.ff 
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coloured powder was obtained, which charred at about 

26o0 c and did not appear to leave any residue on 
'' combustion. 

When the aqueous extract was passed through a 

column of either anion or cation exchange resin alone 

the exchanged ions from the resin caused a change in pH 

of the solution, the anion resin causing an increase 

in pH and the cation resin causing a decrease. (see 

table 3). It was necessary to neutralise the resin 

treated solutions before injection and dilute 

hydrochloric acid or sodium carbonate was used. 

It was also found that adjustment of the pH of 

the crude nettle extract to about 3 with hydrochloric acid 

resulted in a fine brmm. coloured precipitate. The 

prE:ci.pitate was filtered off, dried a.i1d taken up w.i th 

water and injected into mice. It proved to be non-toxic 

while the filtrate retained its toxicity. Although 

about 15% of the total solids were precipitated from the 

nettle extract on addition or hydrochloric acid, it was 

necessary to neutralise the filtrate with sodium. 

carbonate before injection. 1J:he amount of sodium 

carbonate required to neutralise filtrate resulted in 

the addition of solids of the same order as had been 

removed by acid treatment. Acid treatment did not grea t,ly 

aid the separation and its use was discontinued. 
; ' I 
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Dialysis .. 

The toxic material did not dialyse through the 

membrain used.. After 8 hours, no further solids could 

be detected coming through the m.embrain .. On one occasion 

when dialysis was allowed to continue.for 24 hours the 

dialysate appeared to be slightly toxic. vVhen dialysis 

was allowed to proceed for only 10 hours toxic material 

could not be detected in the dialysate. Freeze drying 

the contents of the dialysis sac produced a brown 

powder which caused death in mice when o.; mg was 

injected intraperitoneally .. A light brown precipitate 

formed inside the dialysis sac when the solution was 

dialysed in a dynamic system. When the precipitate 

was filtered off and tested it proved to be non-toxic. 

Sephadex gel filtration. 

Wllen the aqueous nettle extract (ID) was pa.ssed 

th.rough a column of G100 Sephadex the toxic material 

appeared in the fourth, fifth and sixth fractions when 

the column was eluted with distilled water (see table 11.) .. 

These fractions Vfere coloured, and no other fractions 

showed any toxicity .. When G200 Sephadex was used the 

toxie material was retained on the eolu.mn for a longer 

period a.ntl it appeared in fractions twelve to nineteen. 

The number of toxic fractions depended on the amount 

of solid loaded onto the column initially. The weight 

and toxicity of solids in each traction has been 

recorded in table 4. 



Fraction 
no, 

1 

2 

3 
4 

5 
6 

7 
8. 

9 
40 
11 

12 

13 
14 

15 
46 

17 
18 

19 
20 

21 
22 
23 
24 

25 

Seuha.dex G100 
W?t.. of. residue 
in mg. per 1 O ml* 

0 

0 
0.87 
6 .. 71 T 

8.70 T 

4 .. 44 T 

4.14 T 

1.,12 

0,.62 

0.56 
0 .. 26 

0.17 

o.oo 
0.12 

0.26 

0 .. 31 

o.:;o 
0.21 
0 .. 01 

0 .. 62 
Total for 20 
.further fraot:i.ons 

2.1 mg 

Table 4 

Senhadex G200 
ft;,. of residue 
. in mg, per 10 fill. 

0 

0 

0 

0 

0 
2 .. 65 
2 .. 99 
0.56 

0.58 
0.40 
0 .. 69 
1 .. 20 

3.75 T 
4.50 T 
6.24 T 

12.83 T 
19 .. 63 T 
17.27 T 
8 .. 80 T 

2.12 

1.00 
1 .. 12 

0.68 

0.54 

total .for 20 
further fractions 

6 .. 0 mg 

Yield of solids from G100 and G200 Sephadex columns. 
In this case the initial lo.ad on the G100 column was 

30 mg and on the G200 column.was 101 mg. of extract (ID~) 
'T' indicates a toxic fraction~ 
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~~in layer ohromatogran~z. 

:Plates wi·th silica gel G support~ 0.25 mm thick 

developed with a bu·tanol:acetic aeid: water 

(10:8.5:3) system (solvent I)w,e:r,~ .found to be most 

satisfactory for separating the components of the 

nettle extract (IDS). 

When the extract (IDS) was applied to a plate of 

silica gel Gin a streak across the base line and 

developed with solvent I, ninhydrin spray revealed 

three zones having hRf values O, 57, and 70. The 

zones at hRf O and 70 were coloured light brown a.nd 

the zone at h.Rf 57 was colourless until treated with 

nirlVdrin reagent. With th.is reagent all zones were 

coloured pink. The zones corresponding to the hR.f 

values were removed from a plate which had not been 

sprayed and the silica gel re-extracted with water, 

filtered and injected into mice. Aqueous extract.a 

of the zones corresponding to hR.f 57 and 70 both 
' proved to contain toxic material while the zone which 

had not moved from the base line, and a control taken 

from the top of the plate beyond the solvent front, 

were non-toxic .. 

It was found that an aqueous extract of a 

particular zone on the silica gel G plate was toxic 

while aqueous extracts of silica gel G alone were not 

toxic. However, soluble material from the silica gel 

Gin excess of the toxic material appeared. in all extracts. 
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Siliea gel H, which is free of binder, and 

pre-washed silica gel G both gave solid residues on 

extraction with water, probably due to the finite 

solubility of silica gel in water. The residues 

obtained from the support made preparative scale TLC 

impractical due to the contamination of the toxic 

material. Contaminants from the support also prevented 

the weighing of the toxic material which provided a 

gui~e to the effec'tivness of the process in purification 

of the toxic material. 

Two dimensional chromatography was also 

investigated and the extract could be resolved into 

three spots.. However it; was not possible to apply 

sufficient material to the plate for toxicity testing .. 

f.a.:ger,c:qromatogra;ph;[ .. 

Solven·!i I separated the components of the extract 

(IDS) on Whatman :;:MM paper. When ·t;he toxic residue 

obtained from a G200 Sephadex column was run on paper 

four spots were revealed by the ninhydr,in reagent. 

The hRf values of these spo·ts were slightly variable but 

generally were close to 10, 28, 36, and 65. When 16.28mg 

of nettle extract from 27 gm of hairs was separated by 

paper chromatography, the zones, on extraction yielded 

tJla :rollowifkg' 'vTe.ights of' solids: 
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zone 

1 

2 

3 
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hRf (to middle 
of zone) 

10 

28 

36 

65 

total 

wei~ht of solid 

3 .. 8mgs! 

3 .. 7mgm 
, 

4 .. 4mgn 

4 .. 4mgi.; -
46 ~mg··1 e/ ;, ... ,, 

Extraction of a similar weight of 

pE;tper alone,;_~:: yielded a measured 0.41 mg2.t of solid 

accounting for the high recovery rate. An aqueous 

extract of Zone 4 proved to be toxic when injected 

intracerebrally in mice. In a later experiment 68.24 

mg1;, of extract (IDS) was applied to a paper chromatogram 

with the following results: 

zone bRf !feie;h:t - -
1 0 5.,94 mg 

2 25 (diffuse) 14.40 mg 

; 43 20. :;8 mg 

4 70 21. :;7 mg 

total 62.09 mg 

An aqueous extract of zone 4 proved to be toxic to 

mice on intra.cerebral injection. After toxicity testing 

and freeze drying the extract of zone 4 over phosphorous 

pentoxide 18o7 mg:n of a light brown powder was obtained. 

On examining this residue by thin layer chromatography, 

using solvent I and. ninhydrin spray reagent, two spots 

were obtained, one of which was very faint. 
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Characterisation. 

Thin layer ahromatography confirmed the presence 

o:f aoetylcholine, histamine and 5-hydroxytryptamine in a 

crude acetone extract and a crude aqueous extract of the 

hairs. Spots corresponding to pure samples of these 

compounds were obtained from the extracts of Uoferox. 

The hRf values, colours -Ni.th the spray reagents and 
~ 

the appearance under U .. Y .. light all indicated the 

presence of these tru>ee substances in the extract .. 

results are shown in table 5 .. 

Subst@qe Solvent ~8c!,f5ent. b.Rt - Colour 

Aeh. I 

Histamine II 

5-HT !II 

Extract I 

# II 

" III 

TABLE~ ... 

Dragemlorf r 38 red 

ninhydrin 55 violet 

ninhydrin 72 violet 

Dragendor:f.f 38 red 

ninhydrin. 55 violet 

ninh.ydrin 72 violet 

IDENTIF!gATIP~! 9F HISTAMINE,. 

;6+-4HYfilt9XYT~YI:TAMINE AN:q 

AOETYLCHOLINE --~,. ....~ 

The 
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Spot tests 

Test & Object 

p-dimethylaminobenza.ldehyde 1°a.mine 

ninhydrin 1°amine 

nitrous acid 

thiodiphenylamine 

sulphonation 

Le Rosen 

frothing 

Liebermru:1-Burchard 

h.a.emolysis 

sodium dithionite 

Molish 

furfural 

Fehlings 

iodine 

Dragendorff's reagent 

Biurett test 

SJ;?eCtra. 

1°amine 

2°amine 

aromaticity 

t'f 

saponins 

saponins 

n 

anth.raquinones 

carbohydrates 

H 

Tl 

fl 

alkaloids 

peptide bonds 

Result 

pos. 

pos. 

pos. 

neg. 

neg .. 

neg. 

neg. 

neg. 

neg. 

neg. 

pos. 

pos. 

neg. 

neg. 

neg. 

neg. 

In the most highly purified samples (IDSPF) 

using water as a reference, maximum absorption 

Ref. -
31 

36 

32 

33 

34 

18 

18 

37 

38 

35 

39 

occurred at 282 mp. .. and this peak was most pronounced 

in the aqueous. extract of the toxic zone from the paper 

chromatogram .. Less pure extracts showed general 

absorption in the U .. Vo region with no distinct peaks. 
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No peaks were recorded in the visible region. Control 

sp~~,tra run on aqueous extracts of the chromatography 
,·,:· 

paper alone and on paper which .had been develo,ped with 

the solvent used for chromatography did not show any 

absorption near 280 mp.o 
/ 

In the infra-red spectrum of the purest freeze 

dried extract (IDSPF) in a KBr dise, (see fig. 9) peaks 

were observed in the following regions: 

Wave nu.mbe:t" (om-1 ) !r+tensit;t Remarks 

1100 M Very broad 

13?0 s Very sharp 

1400 M Broad 

1.550 - 1650 l\JI - s Possibly 2 peaks 

2910 - 2930 v .. w Possibly 2 peaks 
~ 

3300 - 3500 M Very, broad .... 
maximum at 3400 

I{F.;f: - s = STROliG 

M = MEDIUM 

w = WEAK 

V .W,. s VERY WEAK 

An NMR spectrum obtained in deuteri'I.Ull oxide (D20) 

gave little information except that there was a weak 

singlet peak upfield from the HOD pe~, at 1 .. 84-d' 

indicating sligJltlj qe:slt;tel:ded protons. 

Elemental analysis. 

For ·two baches of freeze dried extra.et (IDF) and 

one batch of extract (IDSPF) quantitative analysis for 
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carbon, hydrogen, nitrogen and oxygen gave the 

following results: 
!••,·~. 

Sample Purity 
2.€ ~ ' ~ ~ 2§ 2§ 

Carbon Hydrogen Nitrogen .Qllgen Residue Total 

1 IDF 34.75 4.80 4.8? 34.09 18.2 96 .. 71 

2 IDF 44 .. 83 5 .. 82 8.12 34.20 trace 92.97 

3 IDSPF 33.50 5.20 6.43 36.87 18.0 100.00 

These figures led to the following approximate atomic 

ratios-

Sample Carbon H;yd.rogen Nitrogen Qygen 

1 7.95 13.80 1 6.14 

2 6.43 10.05 1 3.69 

3 6.08 11.31 1 4.88 

Qualitative tests for sulphur, phosphorus and halides 

were :negative. 

In an earlier sample which left residue. on 

combustion a spark spectrogram revealed the presence of 

silicon, calcium, magnesium, lead, iron and aluminium. 

1rhe residue was mainly silicon and calcium. 

PHARMACOLOGICAL RESULTS 

Smooth muscle preparation of the rat and guinea pig. 

The effect of the toxic extracts (ID) on the 

smooth muscle of the rat intestine is shown in fig. 10. 

The extract had little effect on this preparation 

iddda24p
Rectangle
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0.5 mg toxic material (ID) 

2.0 mg toxic material 

4.0 mg toxic material (ID) 
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Fig. 10 

The isolated rat 

intestine 
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"' 
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although there was some increase in activity and a 

slight increase in muscle tone. There was no apparent 

effect on the guinea pig gut with the same doses as 

were applied to the rat guto In the rat gut preparation 

onset of the effect was delayed and a fairly high dose of 

the driedectraet was required to produce it .. 

The rat Finkleman preRarati9~. 

Addition of the extract (ID). to the organ bath 

did not affect the response to electrical stimulation, 

but a s3=ow increase in the tone of the gut occurred which 

was consistent with the results of the previous experiment. 

The results of this experiment are shown in figo 11. 

1he rat diaphragm Rreparatio~. 

The nettle extract (ID) had no effect; on the 

response of the rat diaphragm. muscle to stimulation 

of the phrenic nerve (see fig 12). 

The frog plexus Rreparatione 

When solutions of 0.1 - 0.5 mg per ml .. o:f the toxic 

extract (ID) dissolved in frog saline was app1ied to the 

plexus preparation the withdrawal reXlex was abolished 

(see table 6)$ Electrical stimulus of the sciatic 

nerve produced a twitch of the leg, indicating that the 

reflex had not been blocked at ·the efferent m.oto.r fibres .. 

In cont;rol experiments, using frog saline, the 

preparation responded to acid stimulus for about 30 to 

40 minutes before showing signs of deterioration .. 
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The rat diaphragm 

preparation 

1. Toxic extract (ID) 2 mg 

2. Tubocurarine 0.5 mg 

3. Neostigmine 0.5 mg 

• .I, J. .. .. 



Cone.in Time in minut1~s 
¥,rog no. , .l!SL)•l,· , ,ur 0 0:ie2 ...... 2 .. 2 10 12 20 . 29 40 

__ ,l>O!Ol'ill~V-~j; Iii: •• , 

1 5 + + + - - - - - -
2 2 + + + + - - - -
:; 1 + + + + + + - - -
4 0 .. 5 + + + + + + .... - -
5 0.1 + + + + + + + + 

6 Control + + + + + + + + -
? flt + + + + + + + - -

4:fable 6 
•tu ftf ai!rli , ! 

The frog :plexus p.reparati.Gn. :!~he results are shown as '+•, :i.:ndicating 

the presene$! of' th~ n thdrawal reflex, and ' - • inrlieati:og the · absence of 

the reflex, at vaclous time intervals after appl.iea.tion of the toxie 

extract (!D),. 
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The gµinea :eig weal, .. 

When doses of 100 and 200 }J3 of dried extract 

(ID) dissolved in 0 .. 05 ml of 0 .. 9% NaCl solution were 

injected intradermally on the back of a guinea pig, 

local analgesia could be demonstrated. The e.f'fect 

was rapid in onset and of long duration<> Pricking 

the test areas with a needle produced no response for 

periods up to 5 days. A 500 g guinea pig, which had 

received 300 pr,;, of the toxic extract intradermally 

late in the afternoon, died during the night. The 

sensit.ivity of the guinea pig to the toxic material 

limited the dose range which could be studied. The 

results are shown in table 7o 

The frog rectus abdominus preparation and tue perfused 

rabbit heart. 

Neither oi these preparations showed any response 

to the toxic extract (ID) at the dose level employed. 

Each of these preparations was shown to be in good 

condition at the conclusion of the e:xperimento The 

frog rectus muscle contracted on addition of small 

amounts of acetylcholine and the heart responded well 

to adrenaline. 

The Trendelenberg pre12aration .. 

The toxic extract (ID) had no apparent effect on 

this preparation. Although the gut responded well to 

increases oi intraluminal pressure, as can be seen from 



Time (mi_ns unless st~) 

Treatment .Animal Area 2 5 ? 15 20 30 45 60 5 hours 2 days 5 days 

control 1 1 + + + + + + + + + + + 

100 )l.g TM 1 2 + - - - - - .... - - "" + 

100 .Jlg TM 1 3 + + - - - - - - ... - + 

control 1 4 + + + + + + + + + + + 

control 2 1 + + + + + + + + + + + 

100 p..g TM 2 2 - - - - - - - -- - - + 

200 pg TM 2 3 - - - - - - - -
' 

control 2 4 + + + + + + + + + + + 

TABLE 2 
The guinea pig weal. The results are shown as'+' indicating the presence of 

pain reaction and'-' indicating local analgeElia. TM means toxic material (IDF). 



KE!Y 1.fO FIG.. 13 -
1) Reservoir raised 2 em .. 

2) 0.1 mg of extract (ID) and reservoir raised 2.em .. 

3) 0.,5 mg of ,extract (ID) and reservoir raised 2cm. 

4) Reservoir raised 3 em .. 

5) 0.5 mg of extract and reservoir raised 3cm. 
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the' recordings in fig .. 13, addition of th~- extract 

(ID) to the organ bath did not alter the normal 

response. 

~4e.oarotid ~lood pressure and respiration in the cat. 

!njeetion of the crude extract caused a rapid fall 

in blood pressure and slight increase in respiration 

(see fig. 14)., but did not affect the E .. C.G, Atropine 

antagonised the fall in carotid blood pressure but did 

not abolish it completely. Addition of mepyramine 

and atropine together completely prevented the f~ll in 

carotid blood pressure caused by the crude extract. 

This result is consistent with the presence of 

aeetylcholine and histamine. Crude aqueous extracts 

after treatment with IRA400 resin (strong anion 

exchanger) caused a drop in blood pressure and transient 

respiratory depression, both of which were antagonized 

bymepyramine but not by atropine (fig .. 15). When 

crude,,extract was treated with IR120 resin (strong 

cation exchanger) or with the mixed bed resin (monobed I) 

in a column it caused no change in blood pressure or 

respiration., indicating that the acetylcholine and 

Histamine had been removed. When a large dose (1 :ml) 

of the mixed bed ion exchange treated extract was 

administered near the end of the experiment the carotid 

blood pressure and respiration became erratic.. (see 

fig. 16). The onset of the effect was slow and could 



-53-

have been due to accumulation of toxic material du.ring 

the eArperiment rather than the single large dose. 

About 20 minutes after the final dose the cat died. 

Injee~ion of acetylcholine, 2-hzdroi&Itr;ygtamine i:yiq 

~istamine in miee. 

When amcnmts of ·these compounds corresponding to 

the quantities present in a lethal dose of crude extract, 

as calculated f'rom the results obtained by Blackman and 

Sumich (8) by bioassay, were injected into mice, there 

was no apparent effect. Also injection of three times 

the calculated dose had no apparent effect, 
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KEY TO FIG. 15 

1) 0.3 mg of crude aqueous extract. 

2) 0.3 mg of IRA 400 treated extracta 

3) 0.3 mg of IR120 treated extract 

4) o.:, mg of IRA400 treated extract+ 3)1g of atropine 

5) 0.3 mg of IRA400 treated extract+ 3,1g of mepyramine 

6) 0.? mg of mixed bed treated extract (IRA400 + IR120) 
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Fig. 16 The c a rotid blood preseure and 

respiration in the e s t. 

The effect of a l arge ~ose of toxic material (ID) • 
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Effeot of toxic material in live :mices 

Intraperitoneal injection of 1mg of extract (IF) 

produced salivation, defecation, gradual loss of motor 

control and hypersensitivity to external stimuli. The 

condition deteriorated until violent convulsions occurred 

between 30 minutes and 2 hours after injection. 

Convulsions were usually quickly followed by death. 

Dialysed extracts(Oo5 mg) produced the same effects but 

salivation was decreased. 

Intravenous injection produced the effects more 

quickly, death occurring in 10 - 20 minutes, and 

intra.cerebral injection produced death in 30 seconds to 

5 minuteso With the intra.cerebral route salivation was 

not observed even. in mi.ce surviving for 5 minutes. 

It was noted on m.Qe·t occasions when crude extract was 

injected in:trapeitoneally,that if the mouse died within 

two hours convulsions occurred prior to deathe However 

if the mouse survived the convulsions a state of general 

deterioration set in and lasted for up to 36 hours 

before death occurred. In these cases the animal 

showed ataxia and general muscular relaxation, with the 

respiratory rate gradually decreas::tng tio zero.. Although 

this effect was not often observed it would have been 

masked by the other mode of death. 
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PHYSICAL AND CHEMICAL PROPERTIES 

Water was the only solvent that could be found for 

the toxic material. Attempts to extract the toxic 

material from aqueous solutions and from the dried 

extracts with organic solvents of widely varying 

dielectric constant, (see appendix) failed. It was 

concluded from these ex:perimen"l:;s that the toxic l}laterial 

was either highly polar or ionic. 

The toxic material was non-dialysable and a lower 

limit for the molecular weight could be estimated from 

the known exclusion properties of the dialysis membrane. 

Tests showed that compounds with ~olecular weights up to 

1346 (hydroxocobalamine) could be dialysed, but inulin 

which has a molecular weight of about 5000 would not pass 

through the membrane. Although this type of test of a 

membrane gives an approximate indication of the pore size 

in terms of compounds of known molecular weight, the 

geometry of the molecule is also a factor determining 

whether a compound will dialyse or not. No upper limit 

could be placed on the molecular weight of the toxic 

material. 

The result of the dialysis experiment was contrary 

to the findings of Blackman and Sumich (8)e Initially 

difficulties were experienced in sealing the dialysis 

tubing and the dialysate appeared to be toxic. In 

subsequent experiments the tubing was closely examined 
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for leaks before dialysis was commenced. Wb.en the 

dialysis tube had been properly sealed, the dialysate 

showed no toxicity. Evidently Blackman and Sumich 

failed to seal their tubing properly. 

Further evidence for the large molecular weight 

of the toxic material was obtained in the experiments 

with Sephadex. It was found that the toxic material 

was eluted in the first !ew 10 ml fractions collected 

from a Sephadex G100 column and even when a column of 

G200 Sephadex was used the toxic material was not 

retained past the 19th. 10ml fraction. 

Sephadex consists of grains of a cross-linked 

dextran which functions on a molecular sieve principle, 

the degree of cross linking determines the pore size 

and hence the 'molecular weight exclusion limit' 

(see appendix) .. When a solution containing two or 

more compounds with different molecular weights is 

placed on a Sephadex column and eluted, the smaller 

molecules enter the pores of the gel particles and are 

hindered in their passage through the column. The 

larger molecules do not enter the gel particles readily 

and very high molecular weights may be excluded and 

remain in the solvent in the interstitial spaces 

between the gel particles and pass through the column 

more rapidly. From the volume of solvent required to 

elute a compound from the colwm1 it is possible to get 

a rough idea of its molecular size& 
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It is evident that the shape of a molecule and not 

just the molecular weight alone would be a factor in 

selective separation by this methode Snherical and ,:; . . 

linear molecules of similar molecular weight miglitJ 

behave quite differently on a Sephadex column.· The 

spherical molecules, enter the pores of the Sephadex gel 

more easily and take longer to elute. 

The experiments with ion exchange resins indicated 

that the toxic material was probably not ionic. However, 

in view of the high molecular weight of the toxic 

material it was not possible to form an unequivocal 

conclusion about its ionic nature. Ions of very high 

molecular weight may not have been able to penetrate 

the resin matrix and exchange in the normal manner. 

Effectiveness of ion exchange with erosslin.ked polystyrene 

resins such as the Amberlite resins, depends on, 

1) Size of the resin particles 

2) Concentration of the exchanging ions 

3) Temperature 

4-) Degree of cross-linking of the resin (28,29) 

5) Charge on the exchanging ion 

6) Size of the exehanging ions 

When a batch of resin is placed in a solution of 

exehangable ions, an equilibrium reaction is establishedo 

For ion exchange in a 1:1 electrolyte the equilibrium 

reaction may be represented by equation 1. 
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R-X + yzi = R-Y + xzi .. i> .. " ... " ..... " "'1 

where R-X is the original form of the resin, yzi the 

exchanging ions in solution, R-'! the resin bound 

exchanging ion, and X,zi the ions displaced from the 

resin. zi = 1 for a 1 :1 electrolyte. 

The extent of the equilibrium attained with a 

partieular resin is determined by the relative proportions 

of R-X and ! 31, the presence of any other ions in 

solution, the relative affinity of the resin for the 

different ions present and the concentration of the 

ions .. Temperature will also affect the extent of the 

equilibrium reaction. 

The rate of attainment of the equilibrium is 

determined by factors which influence the rate of 

diffusion of the ions between the solution and the 

exchange sites in the resin matrix. Very large ions, 

and ions with unsuitable geometric configurations may 

penetrate the resin only with difficulty or be excluded 

totally. During elution of a column large ions would 

tend to remain in the interstitial spaces between,the 

resin beads. Under these circumstances the resin would 

fmiction as a molecular sieve. To explain the properties 

of the toxic material in the dialysis experiments it 

would appear to be necessary to postulate a molecular 

weight greater than 1350. As little information on the 

exclusion limits for ion exchange resins could be found 
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it is not known whether the ion exchange resin would 

merely function as a molecular sieve with the crude 

extract) and allow large :molecules such as the toxic 

material, even though they may be ionic, to remain in 

the eluting solvent while retaining smaller ions present 

as impurities. It is knoW11 that an exclusion limit 

would not beoo.arp due to the elastic properties of the 

resins .. The term 'elastic sieves' (20) has been used 

to describe the properties of ion exchange resins in 

relation to their function as molecular sieves. 

However in the present work treatment of the crude 

extract with mixed ion exchange resins (monobed 1) 

proved to be a useful method of purificatione It was rapid, 

and about 75% of the solids present in the crude extract 

were removed without loss of potency in the extract. 

After ion exchange treatment ToL.C. of the eluent 

indicated the presence of several compounds. When 

the extract had been subjected to ion exchange treatment, 

dialysis, gel .filtration and paper chromatography the 

toxic fraction eould be resolved into two spots on a tLC 

plate .. One of these spots was very faint indicating 

that the toxic fraction contained mainly one compound. 

The toxic fraction from paper chromatography was the 

most highly purified toxic material available. 

A number of chemical tests (see page 27) were 

carried out on the toxic extract (ID) with the chief 

object of eliminating certain possible structures and 
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fu..~ctional groups. The specificity of the tests was 

somewhat uncertain and the possibility of false negative 

and false positive results could no·t be precluded.. The 

sensitivity of the tests mus-t also be considered when 

negative tests occur. At best the tests might indicate 

the direction of further investigation, or supplement 

other evidence .. Two non-chemical tests for saponins, 

the frothing test and the haemolysis test, gave negative 

results. While the haemolysis test is not necessarily 

specific for saponins a negative test may be taken as 

proof of the absence of saponins .. Results obtained in 

these tests might have proved more usefltl.in conjunction 

with the spectra, had the latter been more ,in:f~~ffi$:t1.. ve. 

The presence of nitrogen in the toxic material 

(IDF and IDSPF) detected by qualitative microahemical 

tests was substantiated by quantitative analysis. This 

showed that the toxic material consisted essentially of 

carbon, hydrogen, nitrogen and oxygen .. 

samples were submitted for analysis. 

Three separate 

Two were obta:i.ned 

earlier in the work before the paper chromatography step 

had been carried out but in the third sample it hado 

A non-combustible residue accounting for about 18% of 

the purified toxic material was reported for the third 

sample and one of the earlier samples. The remaining 

sample appeared to contain only a trace of residue. 

No tests were earried out on the residue as it was at 

first thought to be an impurity, possibly an artefact 
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of the separation processo The appearance of the 

residue in the third sample has given cause to doubt 

its qrigin in the separation process. Silica may be a 

possible cause of the residue as the stinging hairs are 

believed to be of a silieious nature, however this 

proposal is premature in the absence of tests for this 

compound .. The atomic ratios obtained for the three 

samples were: 

Oarbon Hzdrog_~ Nitr~gen Ons;en (Residue) 

10 ' 7.95 13 .. 80 4 6.14 (18.2) 

2.. 6 .. 43 10.05 1 :;.69 (trace) 

3.. 6.08 11 .. 31 1 4 .. 88 '18) 

Because of the presence ot' an incombustible residue, 
' ' 

which may be an impurity, the ratios calculated may not 

be accurate. The high molecular weight of the toxic 

material makes the calculation of an empirical formula 

difficult as small errors in the atomic ratios would 

lead to magnified errors in the empirical formula. 

The amount of nitrogen present is perhaps the most 

significant feature of the elemental analysis although 

the possibility of its presence as'an ::tmpu.rity cannot 

be disregarded .. 

An infra red absorption spectrum was obtained for 

the most highly purified toxic materie.l (IDSPF) in, a 

potassium bromide disc. Possible group assignments 

for the absorption bands recorded are listed below: 
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WAVE NUMBER CM-1 INTENSITY SHAPE POSSIBLE ASSIGNMENTS 

4100 

1370 

1400 

1550-1640 

2910 

3400, 

m 

s 

m 

m-s 

w 

s 

KEY: w = Weak -· 
m = Medium 

s = Strong 

broad 0-R deformation o! 
a1~ph.ol & possibly 
C-N'stretching. 

sharp 0-0 stretching of free 
aleohol 

broad 0-0 stretching o! 
associated alcohol 

broad c=o stretching and 
N-H deformation; Amide 
I & II bands 

C-H stretching 

broad N-H and/or 0-H stretching 
with H bonding present 
Polymeric intermolecular 
H bonding of 0-H 

The very broad band With maximum absorption close to 

3400cm-1could be due to 0-R or N-R stretching frequencies 

with association involving these groups due to H 

bonding in a polymeric system, or the superposition of 

bands due to these groups.. Absorption in the 1370..;.1400 

cm-1 .region and at 1100 cmt'1 could be due to the C-0 

and 0-H stretching modes respectively. '.fhe band 

occurring at 1640 cm-1 would appear to be due to the 

C=O stretching mode and the bands between 1550 and 

1640 cm-4 may be the amide I and II bands. Absorption 

due to the N-H d.efo:rmation of a primary amine also 
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occurrs in this region. The very weak absorption at 

~910 cm-1 may-,-b:e,::;d.u.e.itd:ra, o~n stretching -de which is 

generally weak., 

An attempt to obtain an NMR spectrum of the toxic 

material (IDSPF) dissolved in D2o resulted in a large 

peak due to HOD and a weak singlet up:fiel.d of the HOD 

peak at 1.84<1o The singlet at 1.84d may be due to 

de shielded ... oH~:;r- or o:a:3- protons. Absence o:f other 
_,,-

signals may indicate proton exchange with deuterium of 

the D,,/)o The strong HOD peak would suggest that 

exchange had in fact taken place and this would also 

be consistent with the :presence of 0-H and N-H groups 

in J;.he_ toxic material. 

The UV absorption spectrum of an aqueous solution 

containing a known weight of toxic material (IDSPF) 

revealed a peak at 282 mp. and from the absorbance 

measured at this wavelength a value of 66 was calculated 

for E~~rn., , If it is assumed that the toxic material 

(IDSPF) is a single substance and that it alone is 

responsible for the absorption a minimum possible value 

for the molecular extinction coefficient can be calculated 

€= (E~:m X mol .. wto )/10 

If a miniwum moleculB:r weight of 1350 is assigned to the 

toxi.c material the molar extinction coefficient would be 

8910. A molar extinction coefficient of this orcl.er 

could not be accounted for by a single chromophoric group 

or by the presence of a benzene nucieus aloneo The 
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position and intensity of the band suggests a 

conjugated system giving rise to a K band (40, 41). 

S~ar~ of the chemical uroQ~rties. 

The toxic material is water soluble but insoluble 

in organic solvents hence it is probably highly polar. 

The molecular weight is above 1350 and it is likely 

that the molecule is polymeric. Elemental analysis 

indicates a relatively high nitrogen content and the 

IR spectrum suggests that at least some of the nitrogen 

is present as an amide and/or an amine function. The 

presence ot hydroxyl groups, and. hydrogen bonding 

involving Nll and OH groups also appears to be possible. 

From the UV spectrum the functional groups of the 

toxic rn.a:teria1 a.ppear to be conjugated • 

.Pharmacological propertieso 

The stinging hairs of U.ferox contain aeetylcholine, 

histamine and 5-h;ydroxytryptamine. The removal of these 

compounds by the separation :procedures employed was 

demonstrated with the eat blood :presslll'e experiment 

and as the extract (ID) did not effect the guinea pig 

gut preparation 5-hydroxytryptamine must also have been 

removed .. 

More than one pharmacologically active substance 

appears to be present in the stinging hairs of U.ferox 

other than acetyleholine, histamine, and 5-hydro:x:ytryptamine. 

Pilgrim (7) found that after boiling the extract with 
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o.;N NaOH for 5 minutes the slow contracting 

propert~es were abolished or greatly reduced, but the 

<:fxtract still caused twitching of the frog reetus 

muscle. Blackman and Sumich (10) found that the toxic 

properties could be dissociated from the effect of 

salivation. In the present work there have been two 

modes of death observed in mice. These observations 

indicate that there may be at least three unidentified 

pharmacologically active compounds present in the 

stinging hairs. 

The extract applied to the frog reetus muscle in 

the present work had been subjected to ion exchange 

treatment and dialysis, and ·although this extract still 

killed miee it had no effect on the rectus preparation. 

It would be expected that any small molecules such as 

guanidine would be removed by ion exchange treatment and 

dialysis, hence the guanidine-like effect would be absent. 

Extracts of the hairs (ID) which killed mice when 

injected affected only two of the preparations on which 

it was tested viz. the guinea pig back and the frog 

plexus. The guinea pig weal demonstrated a local 

analgesic effect which was long-lasting and did not 

appear to affect the animal in any other way when small 

doses were administered. This was probably a result 

of a local action on the sensory nerve endings in the 

skin. The effect disappeared completely and left no 

signs of permanent damage to the test area. 
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When applied to the .frog plexus preparation the extract 

caused fe'ss of the withdrawal reflex. ·, .. :;:While the effect 

was evident, stimulation of either the sciatic nerve 

or the gastronemeus muscle caused a twitch of the leg 

indicating that the extract had its effect on the nerve 

pathway between the sensory endings in the foot of the 

frog and the motor fibres of the sciatic nerve. As it 

is very unlikely that the material would reach the 

sensory endings in the foot the effect must be on either 

the sensory fibres of the sciatic nerve or the synapses 

in the spinal cord. When Sollman (26) first used this 

preparation to evaluate local anaesthetic aetivity he 

regarded such a result as obtained in the present work 

as an indication that the sensory fibres of the sciatic 

nerve had been blocked. Howev$r the site of aetion 

could be the spinal cord. It is likely that the local 

analgesic effect is due to the same compound that causes 

death in mice. The ei'fect is consistent with the 

clinical observation of a •stinging numbness• reported 

by victims. 

Injection into mice by the intraperitoneal route, 

the intravenous route and the in.tracerebral route produced 

the same effect on the motor system, but with the latter 

route no salivation or defecation was evident. As the 

toxic material is known to .be of high molee~ar weight 

the delay in onset of the effect ai'ter injection is 

probably due to slow absorption. The 
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intracerebral route produced an effect much more 

quickly and with a much lower dose than required by the 
' ·~~ 

intra-peritoneal route. If the toxic material acts 

om the central nervous system, intrace.rebral injection 

would avoid. passage through a 'blood-brain barrier'. 

In this work only an approximate MLD could be 

fouµd as, through scarcity of the material, only small 

numbers of animals could be used. Also, it was 

desirable to administer a lethal dose to every animal 

in order to indicate the presence or absence of toxicityG 

The limitations o.f the MLD as a measure of toxicity are 

well known and estimation of an LD50 would give a more 

reliable measure of the toxicity of the material. 

However large numbers of animals are required for 

estimation o.f the LD.5o• as well as sufficient toxic material. 

The potency of the toxic extract may be compared 

with the potency of some known compounds. In the 

guinea pig weal experiment a 0.2% w/v solution of the 

extract (IDF) caused local analgesia. This is comparable 

to the potency of cinchocaine and is slightly more 

potent than procaine. The approximate MLD of the toxic 

extract (ID) in. mice weighing about 30 g is 500 )lg 

compared with 30 µg of strychnine, 180 µg of KON, 

3900 1g of pentobarbitone and 4.2 ~g of tubocurarine. 

It seems that there is in the nettle hs:irs a 

substance which has a fairly specific action on the 

nervous system, causing loss of motor control and 
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hyperactivity. The same, or another substance, 

J?;resent causes increased salivation and defecation when 

injected intra-peritoneally and the absence of these 

effects on intra-cerebral injection may simply be due 

to the rapidity w1 th which death ocourrs by this rout.e. 

The local analgesic effect may also be due to a separate 

substance, but this seems unlikely. The guanidine-like 

activity detected by Pilgrim would certainly seem to be 

due to a separate unidentified compound. 
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Suggestions for f'u~ther work. 

Chemical work • 
.p, 

Results of the present work indicate that further 

work should be carried out in two fields. 

1) .Isolation techniques not yet tried such as 

electrophoresis t ab.ulLd,:; be i.nvestigated, and methods 

already tried, pa:i;Jticularly chromatographic separation, 

could well be subjected to further examination with the 

view of discovering better systems for separating of· 

useful a.mounts of the toxic material. 

2) At this point in the investigation the only 

reliable method for deteeting the toxic material is by 

injection into mic~ a time and material-consuming 

method. Some'time should be devoted. to finding chemical 

methods which are sensitive and specific for identifyiµg 

the toxic material. 

Pharmacological wo~~. 

In ~urther investigations of the pharmacological 

properties of the toxic nettle extract it should be borne 

in mind that there is more than one unidentified 

pharmacologically active eompound present. In view 

of the \Vork of Robertson and Mac]?arlane (5, 12) on 

~aportea moroides, extracts of which they found slowly 

increased the rate of discharge of miniature end plate 

potentials, (recorded with the r_a-t; diaphra,gm-phrenic nerve 

preparation) the effect of extracts of U.ferox on the 

electrical properties of nerves should be investigated. 



\ 
\ 

-70-

APPENDIX 

1) Materials used. 

The following materials and equipment were used in 

the present work. 

KEY -
B.D.H. = British Drug Houses 

M.B. = May and Baker Ltd. 

H.W. = Hopkin and Williams Ltd. 

L.R. = Laboritory reagent. 

K.P, = Kempthorne and Prosser 

a) Reagents 

Reagent 

Acetylcholine chloride 

Atropine sulphate 

Bismuth subnitrate 

Bromine 

Calcium chloride 

Cellulose powder 

·cupric sulphate 

Dextrose 

p-Dimethylaminobenzaldehyde 

Formaldehyde 

Histamine acid phosphate 

Hydrochloric acid 

Hydroxocobalamine 

Make -
B.D .• H. 

B.D.H. 

M.B. 

Whatman 

H.W. 

B.H.D. 

B.D.H. 

M.B. 

L.Light & Oo 

B .. D.H. 

Glaxo 

Grade 

Biochemical 

Soln. for 
injection 

L.R. 

L.R. 

GF11 Std. 

Analar 

n 

L.R. 

L.R. 

L.R. 

Soln. for 
injection-
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Reagent 

5-Hydroxytryptamine (serotonin) 
creatinine sulphate 

Inulin 

Iodine 

Magnesium chloride 

Mepyramine maleate 

a-Naphtho1 

Ninhydrin (0.5%) 

Nitric acid' 

Phospho:rc:im.s pento:x:ide 

o-Phosphoric acid 
" Potassium chloride 

Potassium iodide 

Potassium sodium tartrate 

Sodium bicarbonate 

Sodim chloride 

Sodium dihydrogen phosphate 

Sodium dithionite 

Sodium hydroxide 

Sodium nitrite 

Sodium sulphate 

Scdum sulphite 

Sulphuric aoid 

Thiodiphenylamine 
· (phenothiazine) 

Make -
B.D.H. 

L.Light & 
Oo 

lVI.B. 

B.D .. H. 

M.B. 

B .. D.H. 

M.B; 

B.D.H. 

B.D.H. 

M.B. 

Jude:x: 

M.B. 

B.D .. H. 

B.D.H. 

M.B. 

M.B. 

H.W. 

B.D.H. 

M.B. 

B.D.H. 

M.B. 

B.D.H. 

Grade 

L.R. 

Bacteriological 

L.R. 

Analar 

Soln. for 
injection 

L.R. 

aerosol spray 

L.R. 

L.R. 

L.R. 

Analytical 

L.R. 

Analar 

Analar 

L.R. 

L.R. 

L.R. 

Pr·ona.lys is 

itnalar 

L.R .. 

L.R .. 

L.R. 

Technical 
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b) Solvents 

Solvent 

Acetic acid (glacial 

Acetone 

Ammonia (25%) 

Benzene 

n-Butanol 

Chloroform 

Diehloromethane 

Diethyl ether 

Dimethylsulphoxide 

Dioxane 

Ethanol 

Ethyl acetate 

Methanol 

Methyl aoeta te , 

i-Propanol 

· Water 
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e) Separation material 

Material 

Ion exchange resins 

Silica gel G & H 

Aiuminium oxide 
!i 

Sephadex 

Dialysis tube 

Make -
B.D.H. 

Judex 

B .. D.H. 

B .. D.H. 

B.D.H. 

B.D.H. 

B.D .. H. 

M.B. 

B.D.H. 

B.D.H. 

B.D.H. 

M.B .. 

B.D.H. 

M;.B. 

B .. D.H. 

Make -
'Amberlite' 
Rhom & Hass Co. 

Merck 

M.B. 

Pharmacia. Fine 
Chemicals 

Visking 

Grade 

L.R. 

Analytical 

L.R. 

L.R. 

L.R •. 

L.R. 

L.R. 

L.R. 

L.R. 

L.R. 

L.R. 

L.R. 

L.R. 

L.R. 

L.R. 

Tap water 
distilled 
from glass 

Grade 

Standard 

Chromatography 

Chromatography 

Fine 
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d) Equipment 

ll!!! 
N.M.R. spectrometer 

Infra red spectrophotometer 

Ultra violet,speetrophotometer 

~ 
Varian HA-100 

Unicam SP200G 

Beckman DB-G with 
Sargent recorder model SRL 

2) Dielectric constants of the solvents used. 

Solvent 

Acetone 

Benzene 

n-Butanol 

Chloroform 

Di~ethylsulphoxide 

Dichlo:romethane 

Dio:xane 

Ethanol 

Ether 

Methanol 

i-Propanol 

Water 

~ at 25°0 
20.7 

2.27 

17.1 

4.81 

46.7 

9.08 

2.21 

24.3 

4.34 (20°0) 

32.63 

18.3 

7a.54 

From N.A.Lange 'Handbook of Chemistryt McGraw-Hill 
(1961) 

3) Pgysiological salt solutions 

(a) Ringer's solution 

NaCl 

KC1 

Ca012 

9.0 g 

o.42 g 

0.24 g 

I 
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NaHC03 
Dextrose 

Water 

Tyrode's solution 

NaCl 

KC1 

Ca01 2 
MgC1 2 
NaH2Po4 

NaHco
3 

Dextr(!)se 

Water 

(e) Kreb's bicarbonate solution. 

NaCl 

KOl 

CaC12 
MgS047H20 

NaH2Po4 

NaHC0
3 

Dextrose 

Water 

(d) Frog Ringer's solution 

0.5 g 

1.0 g 

ad. 1000 ml 

8.0 g 

0.2 g 

0.2 g 

0.01 g 

0.05 g 

1.0 g 

1.0 g 

ad., 1000 ml 

6.,.8? g 

0.4 g 

0.28 g 

0.14 g 

0.14 g 

2.1 g 

2.0g 

ad. 1000 ml 

One litre of Ringer's solution dilµted 

with 400 mlH. of water. 
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The distilled water used to make up the physiologic~ 

solutions was distilled from an all glass still and 

collected. in a glass vessel. 

4) 

5) 

Dragendorff's· reagent. (32) 

Stock solution: Water 

6NLHea. ___ _ 

KI 

· Bismuth subni trate 

3o% HN03 

5 ml 

it ml •' 
a 

28 g _ 

8 g J b 
25 ml 

Solution 'hi' was added. to solution 'a' with stirring. 

Spray reagent: 

Se;Qhadex. 

Grade 

(MOO 

G200 

Water 

6N HCl 

Stock solution 

6N NaOH 

20 ml 

5 ml: 

2 ml 

5 mJ.. 

added in the order shown. 

Approx. mol.ecular 

exclusion limit. 

100,000 

200,000 

Fractionation 
range. 

ii 1,000 - 100,000 

4,000 150,000 iH£ 

1,000 - 200000 fi 

a 5,000 - 800,000 

fi for polysaccharides fiH for spherical protiens 
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